IfOTICZ;  toes  government  or  other  drivings,  speci¬ 
fications  or  other  date  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
govarnmebt  procurement  operation,  the  U.  8. 
Government  thereby  incurs  no  responsibility,  nor  any 
obllsstion  whatsoever)  and  the  faot  that  the  Govern¬ 
ment  may  have  fomilated,  furnished,  or  in  any  vay 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  Invention  that  may  in  any  vay  be  related 
thereto. 
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NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION 
TECHNICAL  NOTE  D-751 

INVESTIGATION  OP  A  RETROROCKET  EXHAUSTING  FROM  THE  NOSE 
OF  A  BLUNT  BODY  INTO  A  SUPERSONIC  FREE  STREAM 
By  Nickolai  Charczenko  and  Katherine  V.  Hennessey 

SUMMARY 


The  pressure  distribution  and  pressure  drag  of  a  blunt  body  with  a 
supersonic  Jet  issuing  upstream  from  its  center  were  determined  at  free- 
stream  Mach  numbers  of  1.60,  2.00,  and  2.85.,  The  thrust  of  the  Jet 
issuing  from  the  model  nose  was  varied  to  study  its  effects  on  flow 
around  the  model  and  to  determine  variation  of  pressure  distribution 
and  pressure  drag  of  the  model  with  the  thrust. 

At  all  Mach  numbers  investigated,  the  pressure  drag  decreased  with 
Increasing  retrorocket  thrust  until  a  minimum  value  was  reached.  Further 
increases  in  retrorocket  thrust  resulted  in  increases  in  the  pressure 
drag.  The  resultant  drag  (pressure  drag  plus  retrorocket  thrust  but 
excluding  base  and  skin-friction  drag)  of  the  model  was  reduced  by 
retrorocket  operacion  below  the  drag  for  a  Jet-off  condition,  except  at 
very  low  retrorocket  thrust  coefficients.  The  flow  about  the  nose  of 
the  blunt  body  was  very  unstable  throughout  the  range  of  Mach  numbers 
and  retrorocket  thrust  coefficients  investigated. 


INTRODUCTION 


The  safe  recovery  of  space  vehicles  with  little  or  no  lift  capa¬ 
bility  will  depend  upon  sin  effective  decelerating  system.  Such  a  system 
may  require  two  or  more  drag  devices;  and  drag  modulation  capability 
during  a  descending  trajectory  of  a  space  vehicle  may  also  be  desirable. 
(See  ref.  1.)  A  large  number  of  devices  for  producing  drag  are  avail¬ 
able.  Each  has  certain  advantages  and  limitations  and  some  are  suitable 
for  only  certain  speed  ranges.  In  order  to  design  a  system  which  Is 
most  effective  for  a  given  trajectory,  the  aerodynamic  characteristics 
of  all  these  devices  should  be  known.  National  Aeronautics  and  Space 
Administration  is  investigating  a  wide  variety  of  drag  devices  to  deter¬ 
mine  their  aerodynamic  characteristics  and  suitability  for  use  as  decel- 
erators.  (See  refs.  2,  3,  and  4.  ) 
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One  device  which  has  heen  proposed  1b  a  retro  rocket.  At  the  pres¬ 
ent  time  it  is  the  only  effective  means  of  decelerating  a  vehicle  out¬ 
side  the  atmosphere.  Its  effectiveness  as  a  decelerator  or  drag  modu¬ 
lator  inside  the  earth's  atmosphere  will  depend  on  how  the  Jet  will 
affect  the  pressure  and.  possibly  skin-friction  drags.  This  investiga¬ 
tion  was  made  to  study  the  retrorocket  Jet  effects  on  the  pressure  drag 
of  a  vehicle  which  has  a  spherical  segment  nose  with  the  Jet  exit  located 
in  the  center. 

AH  tests  were  made  with  both  angle  of  attack  and  angle  of  side¬ 
slip  equal  to  0°.  They  were  conducted  at  free- stream  Mach  numbers  of 
1.60,  2.00,  and  2.85  and  corresponding  Reynolds  numbers  of  approximately 

I.83  x  10^,  1.62  x  10^,  and  2.1k  X  10^  based  on  the  maximum  frontal 
diameter  of  the  model. 
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thrust  force  in  drag  direction  due  to  retrcrooVet  opera* 
tion,  lb 

Mach  number 

static  pressure,  lb/s<i  ft 

dynamic  pressure,  lb/s q  ft 

Reynolds  number  based  on  maximum  diameter 

loeal  radius  of  model,  la. 

tunnel  stagnation  temperature,  °F 

distance  along  model  center  line  as  indicated  in  fig¬ 
ure  3,  in. 

angle  of  attack,  deg 
meridian  angle  (fig.  1),  deg 

free  stream 

Jet  chamber 

maximum  body  diameter 

veighted 

Jet  exit 

local 

average 


APPARATUS 


Vind  Tunnel 

tests  ver*  Conducted  in  the  Langley  Unitary  Flan  vind  tunnel 
which  is  a  Variable -pres  sure,  retum-flov  tunnel.  The  test  section  is 
4  by  1  feet  in  cross  section  and  approximately  7  feet  long.  The  Mach 
number  may  be  varied  from  l,5»to  2,9  in  any  desired  increment  without 


tunnel  shutflovn  by  operating  an  aeyranetrio  sliding  block,  Further 
details  cf  the  tunnel  aay  be  obtained  from  reference  5. 


Model  ami  Support  System 

A  sketch  Of  the  model  with  the  support  system  is  shown  in  figure  1. 
The  support  strut  contained  lines  for  transmitting  the  high-pressure  air 
used  to  simulate  the  retroroeket  jet  exhaust.  Tuhing  from  the  pressure' 
orifices  on  the  model  to  the  pressure  measuring  system  vas  also  led 
through  the  support  strut. 

The  model,  which  is  shown  in  greater  detail  in  figure  2,  had  a 
conical  frustum  afterbody  with  an  8. 28-inch  diameter  at  the  front  and 
4. 0-inch  diameter  at  the  base.  The  forebody  of  the  model  is  a  spherical 
segment  of  8. 9-lnch  radius  In  the  center  of  which  is  located  the  retro- 

rocket  nozzle  exit.  The  nozzle  has  an  area  ratio  /  \  0f  l. 

\ Throat  area  / 

a  half  angle  of  26.5°  and  a  throat  diameter  of  0. 15  inch.  The  model 
is  instrumented  with  35  pressure  orifices,  14  of  which  are  located  on 
the  forebody  and  21  on  the  conical  frustum.  The  location  cf  those 
orifices  is  shown  in  figure  3* 
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'  Air  Supply  for  Jet  Simulation 

The  high-pressure  air  used  to  simulate  the  exhaust  from  the  retro- 
rocket  was  supplied  from  a  bottle  field  with  a  capacity  of  about  900  cubic 
feet.  This  air  supply  could  provide  a  maximum  pressure  of  2,400  pounds 
per  square  inch,  a  sustained  flow  rate  of  2  pounds  per  second  or.  maxi¬ 
mum  flow  rate  of  11  pounds  per  second  for  10  seconds. 


instrumentation  and  accuracy 

Pressure  measurements  on  the  surface  of  the  model  vere  made  by 
connecting  the  orifices  to  automatic  switching  valves  vhich  sampled  each 
pressure  in  sequence  and  transmitted  the  pressure  to  a  single  transducer. 
The  transducer  output  vaB  digitized  and  punched  into  cards  for  machine 
calculation  of  the  pressure  coefficient.  A  15-pound-per-square-inch 
transducer  vas  used  to  measure  the  hemispherical  nosa  pressures,  and  a 
3-pound»per-square«inch  transducer  vas  used  for  the  conical-afterbody 
pressures  to  increase,  the  accuracy  of  measurements  on  this  surface. 

The  free-stream  and  stagnation  pressures  vere  measured  on  precision 
mercury  manometers  accurate  to  within  0.5  pound  per  square  foot.  Cham¬ 
ber  pressure  of  the  retroroeket  nozzle  vas  measured  by  means  of  a 
1, 500*pound-per-squAre-ln<±  transducer  and  probe  (located  as  shown  in 
fig.  2). 
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Frea  previous  calibrations,  it  ia  estimated  that  the  accuracies  of 
the  angle  of  attach  and  angle 'of  sideslip  are  within  ±0.15°.  The  devia¬ 
tions  due  to  flow  angularity  have  been  compensated  by  adjusting  the 
angle  of  attack  of  the  model  at  each  Mach  number.  The  maximum  deviation 
of  tha  free-stream  Mach  number  in  the  range  covered  by  these  tests  is 
±0.02#  The  accuracies  of  the  quantities,  Cp  and  CF  which  were 

dependent  on  free-stream  conditions  are  estimated  to  be  as  follows: 


for 

afterbody 

for 

forebody 

iACp 

1.60 

0.0060 

0.01? 8 

0.0131 

2.00 

.0070 

.0209 

.0155 

2.8? 

.  006? 

.019^ 

.0143 

TSST8  AID  REDUCTION  OF  DATA 


With  the  angle  of  attack  and  angle  of  sideslip  of  the  model  set  at 
zero,  pressure  coefficients  were  obtained  for  the  following  test  con¬ 
ditions; 


M 

R 

Tt,  °F 

Maximum  pc,  psi 

1.60 

I.83  x  IQ5 

607 

125 

1,040 

2.00 

1.62 

316 

12? 

1,150 

2.85 

2.14 

558 

...  .  -  . 

150 

1,140 

The  thrust  was  calculated  from  the  chamber  pressure  on  the  assump¬ 
tion  that  the  flow  in  the  nozzle  was  fully  expanded  and  the  Mach  number 
at  the  Jet  exit  is  that  determined  by  the  area  ratio  of  the  nozzle  for 
a  perfect  gas.  The  equation  used  in  calculating  the  thrust  is: 

y  B  AJ  “  ?.)' 

r  *  Aj  (0.390hpc  -  ?co) 

It  was  further  assumed  that  the  pressure  at  the  nozzle  exit  is  the 
free-stream  static  pressure.  This  assumption  is  justified  on  the  basis 


that  the  second  tern  in  the  thrust  equation  represents  &  email  portion 
of  the  total  thrust#  She  error  introduced  due  to  these  assumptions  la 
believed  to  he  small. 

The  thrust  coefficient  vaa  based  on  the  free-stream  dynamic  pres¬ 
sure  and  maximum  frontal  area  of  ths  model  so  that  the  thrust  and  drag 
Coefficient  would  be  directly  comparable.  The  values  for  the  pressure 
drag  were  obtained  by  multiplying  the  average  pressure  coefficient  at 
&  given  radial  station  by  an  annulus  whose  boundaries  were  located  mid¬ 
way  between  orifices.  Sfceee  values  were  added  to  obtain  the  pressure 
drag  of  the  model. 


RESULTS  AND  DISCUSSION 
Flaw  Stability 

The  supersonic  air  flow  from  the  nozzle  located  in  the  center  of 
the  forebody  causer*  a  very  unsteady  flow  in  the  vicinity  cf  the  model. 

The  exact  source  of  this  instability  is  not  known.  However,  there  are 
several  factors  that  could  have  contributed  toward  this  condition. 

One  factor  to  be  considered  la  the  fluctuation  in  pressure  on  the  fore¬ 
body,  which'  can  be  self-sustained  if  looked  upon  from  the  following 
point  of  view.  The  pressurs  in  the  subsonic  region  adjacent  to  the 
free  Jet  boundary  depends  to  A  large  degree  on  the  shape  of  the  bow 
shock.  When  the  bow  shock  has,  a  rounded  shape  (essentially  normal 
shock),  the  pressure  behind  it  is  large.  This  large  static  pressure 
adjacent  to  the  free  Jet  boundary  limits  Jet  expansion  and  forces  it  to 
assume  an  elongated  form.  She  Jet  produces  the  same  results  as  a  spike 
protruding  from  the  forebody  into  the  free  stream  and  changes  the  bow 
shock  rroat  a  blunt  to  a  conical  shape.  The  pressure  behind  an  oblique 
shock  is  smaller  than  it  iB  behind  a  blunt  shock;  thus  the  pressure 
adjacent  to  the  free  Jet  boundary  is  reduced.  The  reduction  in  pressure 
allows  greater  expansion  of  the  Jet  which  causes  the  bow  shock  to  become 
core  rounded  and  the  cycle  starts  over  again.* 

Soma  typical  variations  in  shock  pattern  are  shown  in  figure  b. 

Sheae  schlieren  pictures  were  taken  in  succession  for  identical  flow 
conditions,  one  at  ft  *  1. 60  and.  the  other  at  M  *  2.0 0.  In  this 
figure  ong  can  eee  that  the  bow  shack  changes  its  shape  and  location  from 
a  blunt,  rounded  form  close  to  the  forebody  to  a  conical  fora  further 
ftvey  from  the  nose  of  the  model. 

Other  factors  that  could  have  influenced  the  stability  cf  the  flow 
are  fluctuations  in  chamber  pressure  and  small  lateral  oscillations  of 
the  model.  Since  there  vaa  no  dyoamie  record  of  the  chamber  pressor# 

madej  it  cannot  be  stated  that  there  was  no  fluctuation  in  the  chamber 
pressure.  Such  fluctuation  if  it  existed,  would  affect  the  outside 


flOv  through  s  variation  In  mass  flow  and  Jet  exit  pressure*  The  model 
Vae  also  subject  to  email  lateral  oscillations  induced  by  the  tunnel 
,air  flow  because  it  Vas  supported  on  a  long  and  relatively  thin  strut. 

It  is  believed  that  these  two  factors,  even  though  they  might  have  con¬ 
tributed  to  the  instability  of  the  flow, -are  not  the  primary  causes. of 
the  flow  instability. 

This  flow  Instability,  vhieh  existed  at  -all  Mach  numbers  and  thrust 
coefficients,  has  its  greatest  effect  on  the  forebody  pressures,  whereas 
the  pressures  on  the  conical  part  of  the  body  are  almost  unaffected. 

The  amplitude  of  pressure  fluctuations  on  the  forebody  is  of  the  order 
of  10  percent  of  the  average  pressure  level  at  a  given  orifice  and  the 
amplitude  increases  slightly  at  lover  thrusts.  Because  of  the  flow 
instability,  the  average  pressures  were  computed  by  adding  the  pressures 
at  each  radial  station  and  dividing  by  the  number  of  orifices.  Average 
pressures  are  used  throughout  this  report  in  pressure  plots  and  for 
pressure  drag  computations. 


Effects  cf  Jet  Exhaust  on  the  Pressure  Distribution 
About  the  Model 

In  figure  5,  the  experimental  pressure  distribution  on  the  forebody 
is  presented 'for  various  thrust  coefficients  at  Mach  numbers  1.69,  2.00, 
and  a. 85.  The  pressure  distribution  on  the  forebody  with  the  Jet  off 
is  closely  approximated  by  Ifevtonian  theory  as  vas  shown  in  reference  6. 
In  reference  6  a  similar  model  was  used  to  obtain  pressure  data  at 
various  angles  cf  attack.  The  data  of  reference  6  for  a  **  0°,  are 
compared  with  the  present  data  for  the  Jet-off  condition,  and  as  can  be 
seen  in  figure  5,  they  era  in  good  agreement.  A  small  amount  cf  air 
floy  from  the  teazle  produces  a  large  reduction  in  pressure  on  the  fore- 
body,  particularly  in  tha  vicinity  of  Jat  exit,  where  with  the  Jet  off, 
there  was  a  high  stagnation  pressure.  ffhJLs  large  reduction  in  pressure 
vhieh  occurs  near  the  noazle  exit  becomes  smaller  vith  increasing  dis¬ 
tance  away  from  the  nozzle.  At  low  thrust,  part  of  the  forebody  near 
tha  outer  edges  experiences  an  increase  in  pressure,  Eovever,  with 
further  increases  in  thrust,  a  reduction  in  pleasure  occurs  over  the 
entire  forebody,  3Mb  reduction  in  pressure  on  the  forebody  continue# 
until  a  nlnim«n  is  reached  and  the  pressures  on  the  forebody  begin  to 
increase  with  further  increases  in  thrust  except  at  M  m  1 ,60  where 
the  maximum  thrust  available  vas  not  sufficient  to  reaeh  this  condition, 
yor  e  Mach  number  of  2,00,  the  rnaxltaim  reduction  in  pressure  on  the 
forebody  occurs  between  tha  thrust  coefficients  cf  0..U6  and  0,l6j5; 
for  a  Mach  number  of  £.85,  the  maximum  reduction  occurs  batmen  thrust 
coefficients  of  0.123  and  0.150. 
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A  noticeabla  dec rea«fi  In  pressure  on  the  forebody  at  a  constant  • 

thrust  Is  also  observed  with  the  increase  in  free-streaa  Mach  number 
and  indicates  greater  Jet  effects  on  the  forebody  pressures  at  higher 
Mach  numbers* 

In  general,  the  variation  of  pressure  distribution  on  the  forebody 
vith  increasing  thrust  is  vary  similar  to  the  pressure  distribution  on 
a  blunt  nosa  with  a  spike  attached  at  the  center.  (See  ref.  7.)  The 
reference  shows  that  increasing  the  length  of  tha  spike  results  in  a 
decrease  of  pressure  on  the  forebody  (same  as  increasing  the  thrust) 
until  a  minimum  pressure  is  reached  corresponding  to  a  point  where  the 
origin  of  separation  begins  to  change  from  the  tip  of  the  spike  to  the 
downstream  surface* 

The  Jet  effects  on  tha  longitudinal  pressure  distribution  on  the 
entire  model  at  various  Mach  numbers  are  shown  in  figure  6.  At  Mach 
numbers  of  1.60  and  2.00  for  the  Jet-off  condition,  the  flew  va.s  sep¬ 
arated  over  tha  entire  surface  of  the  conical  afterbody.  (See  figs,  7(a) 
and  7(b).)  The  separation  was  meet  pronounced  at  the  lowest  Mach  number. 

At  all  Mach  numbers,  the  flow  had  to  expand  from  a  subsonic  flow  in  front 
of  the  forebody -to  a  supersonic  flow  on  the  afterbody.  This  expansion 
required  low  pressures  on  the  afterbody  and,  since  tha  afterbody  pres¬ 
sures  were  too  high  for  the  full  expansion  of  the  flow  at  tha  lower 
Mach  numbers,  the  flow  was  separated  in  that  region.  The  presence  of 
tha  Jet  changed  the  shape  of  the  bov  shock  and.  thus  made  it  similar  to 
a  detached  bow  shock  in  front  of  a  cone.  This  condition  resulted  in 
a  reduction  ar-d,  in  some  instances,  elimination  of  the  separation  over 
the  afterbody.  Consequently,  the  Jet  effects  on  the  afterbody  were 
•  greatest  at  a  Mach  number  of  1.60  where  the  largest  reduction  in  pres¬ 
sure  was  experienced. 


Jet  Effects  on  the  Drag  of  tha  Model 

The.  pressure  drag  of  the  forebody  and  the  afterbody  excluding  the 
base  is  presented  separately  in  figure  8  so  that  the  drag  contribution 
of  each  part  may  be  seen  more  clearly.  Inasmuch  as  the  pressure  drag 
of  tha  model  is  directly  related  to  the  pressure  distribution  on  the 
model,  the  Jet  effects  on  the  pressure  drag  will  closely  resemble  tha 
Jet  effects  on  the  pressure  distribution.  A  variation  of  pressure 
drag  of  the  forebody  with  thrust  coefficient  is  shown  in  figure  8(a) 
for  different  Mach  numbers,  A  high  stagnation  pressure  that  exists  in 
front  of  the  body  vith  the  Jet  off,  which  accounts  for  a  large  pressure 
drag  contribution  of  the  forebody,  is  greatly  reduced  by  a  supersonic 
flow  from  a  small  Jet  located  in  the  center  Of  the  forebody.  The  pres¬ 
sure  drag  of  the  forebody  continues  to  decrease  with  increasing  thrust 
until  a  EiniwuM  pressure  drag  is  reached,  at  which  point  the  pressure 
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drag  starts  increasing  vith  further  increases  in  thrust.  The  data  in 
figure  8  indicate  that  the  point  of  minimum  pressure  dreg  occurs  at 
lover  thmst  coefficients  for  the  higher  Mach  numbers. 

The  pressure  drag  of  the  afterbody  (fig.  6(h))  increases  vith  a 
decrease  in  Mach  number  vith  the  Jet  on.  This  increase  in  dreg  resulted 
from  the  change  of  flow  on  tha  afterbody  vhieh  vas  previously  discussed. 
An  interesting  point  shout  tha  afterbody  pressure  drag  is  that,  after 
reaching  a  certain  level  at  a  given  Mach  number,  it  remained  almost 
constant  vith  increases  in  thrust* 

In  figure  9,  the  contribution  to  the  pressure  drag  of  separate' 
parts  of  the  model  are  added  together  vith  the .drag  due  to  thrust  to 
obtain  the  resultant  drag  of  the  model.  It  should  be  kept  in  mind  that, 
in  computing  tha  resultant  drag  of  tha  model,  the  pressure  at  the  base 
va's  assumed  to  be  the  free -stream  pressure  and  that  the  friction  drag 
van  not  taken  into  consideration.  Hovever,  in  View  of  the  fact  that 
the  afterbody  pressures  remained  almost  constant  vith  increases  in 
thrust  coefficient,  it  is  believed  that  the  base  pressures,  although, 
they  will  be  smaller  than  the  free-stroam  pressure,  vill  not  vary  . 
appreciably. vith  increases  in  thrust.  Thus  the  trend  of  the  resultant- 
drag  curves  vill  not  be  altered  significantly,  but  they  vill  be  shifted, 
to  a  slightly  higher  level.  Some  indication  of  the  effects  of  a  Jet 
exhausting  into  a  supersonic  stream  on  the  friction  drag  of  a  body  rsy 
be  found  in  reference  8. 

A  summaty  of  tha  results  of  this  investigation  is  presented  in 
figure  10.  Here  the  variation  of  the  decelerating  force  coefficient 
(pressure  drag  plus  retrorccket  thrust  but  exclusive  of  base  and  shin- 
friction  drag)  vith  thrust  coefficient  is  shown  at  various  Mach  numbers. 
These  results  indicate  that  a  ratrorocket  located  in  tha  canter  of  a 
blunt  body  may  increase  drag  by  a  small  amount  at  very  low  thrust  coef¬ 
ficient.  At  higher  thrust  coefficients,  the  total  drag  of  the  model 
is  reduced  far  belov  the  value  of  the  drag  vith  the  Jet  off,  and  great 
amounts  of  thrust  would  be  required  before  any  drag  due  to  the  Jet  vill 
ba  realized,  as  the  extrapolation  of  these  curves  indicates.  Thus  the 
retrorccket  which  could  be  used  effectively  in  regions  of  very  low 
density  (outside  of  the  atmosphere)  or  perhaps  for  a  soft  landing  does 
not  look  promising  for  use  as  a  decelerator  at  supersonic  speeds  in 
regions  of  relatively  high  density.  Although  some  improvements  in  drag 
might  be  achieved  by  locating  several  nozzles  on  the  periphery  of  the 
blunt  body,  the  problem  Of  flow  instability  most  likely  vill  still  be 
present.  The- retrorocket,  even  though  it  does  not  look  promising  for 
use  as  a  decelerator,  nay  be  utilised  os  a  drag  modulator  where  the 
primary  interest  ia  not  in  tha  waxiBura  drag  that  can  be  achieved  but  ' 
in  controlled  drag*. 
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An  investigation  of  an  air  Jet  simulating  a  retrorocket  exhausting 
Into  a  supersonic  free  stream  froa  the'  cose  of  a  blunt  body  led  to  the- 
f allowing  conclusions} 

1.  A  flow  instability  about  the  rose  of  the  blunt  body  occurred 
throughout  the  range  of  Mach  numbers  and  retro rochet  thrust  coefficients 
investigated*  She  forebody  pressures  were  affected  most  by  this  flow 
Instability* 

2.  The  retro  rochet  exhaust  caused  large  reductions  In  pressure 
over  the  oo$e  of  the  blunt  body  and  these  reductions  in  pressure  become 
greater  with  increases  in  the  free- stream  Mach  number. 

3«  A  large  decrease  In  pressure  drag  occurred  as  a  result  of  retro- 
rochet  operation  at  all  Mach  numbers  of  the  investigation.  This  pres¬ 
sure  drag  decreased  with  increasing  retrorocket  thrust  until  a  minima 
was  reached.  Further  increases  in  retrorocket  thrust  resulted  In 
Increases  in  the  pressure  drag. 

b,  Tha  resultant  drag  (pressure  drag  plus  retrorocket  thrust  but 
excluding  base  and  skin-frletior.  drag)  of  the  model  v«us  reduced  by 
retrorocket  operation  below  the  drag  Tor  a  Jet-off. condition,  except 
at  very  low  retrorocket  thrust  coefficients.  The  results  Indicate  that 
very  large  retrorocket  thrust  coefficients  would  ha  required  to  produce 
decelerating  forces  much  in  excess  of  the  Jet-off  drag  forces. 
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Figure  Model  draving.  All  dlnerniiona  are  in  inches. 


Figure  J.-  Pressure  orifice  location  on  the  nodal, 
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(a)  M  -  1.60J  CF  »  O.055. 


(b)  N  ■  2. CO)  Cy  »  9.135.  L-61-1087 

Figure  If.-  Sulcal  eohliexea  photographs  cf  variation  In  shock  pattern 
for  «  constant  thrust  coefficient. 
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Figure  5*~  Continued. 
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Figure  7, 


Figure  7.-  Concluded. 


L-1504 


5L 


coefficient. 


S6 


I 


27 


L-a^tA 


29 


c 


50 


NASA -Langley,  I&6? 


L-1504 


£  .  g 

2*  =1^  Q 

1  ale 

N  83  C  h 

O  o  S  <* 

mi 

a  a  3 


as 

|1  „ 
*->  03 

!  E 

a  x  JSJ  * 
^  ■§  ii  .y 

<&«  a 
2iSf 
« ■8  %  § 
•a  S  as 

”  *2  CO  «•* 

c  ^ 
Clef  §  ift 


«2 

g  o 

^  **•  ^  w  Is 

Sfeowi 
a  °  M  *  . 

g  i  ss  c  ^ 

f;  gpzo  g 

a  3  ,”S  w  z  C 

-.<0X0  5» 


c  o  *3  S  2  5  a 

'*  '"  S  2  ^  'Q  ^ 


zzc 


-  B 
ffc  05 


•a  £ 

sS 


iS 

o 

* 


o  -5  o 

Itlg 

N  81  2  n 

u  £  3  < 

3  §13 

us^z 


a 
b  rrj 

=  3  ~ 

X  ac 

|  a 

E  .  B  c 
a  *  3  « 
1  s  is  a 
<  |  f  S 

ll^l 

*eil 


;  a  3  1  n  5 . 


ill. 


§  <  *  ja  3  6J 

3  Sj  o  jj  2  C 

2Sfcu  u% 

.l^fa 

IggjlS 

$8***8 

a?§3 

|S?|  ssz 

«  < ,  K  i  * 

S  e  O  8  ^  ^  q 

7SP^ugS 

0  <  §  a  I  c  t 

^SS,KaS 
<Cl3Iwl«a 
S8  S  ►  8  fc  -e  !9 
5  5  z  ^  ^  c  £ 
ZZS^w  «  0 


u 

3  bOg 

£<  c  -9 
t  3  § 
5  03  2 
ftC  ®  ^ 
«  ^  J3 

*ss.« 

*  *S 

g  ]|  § 

Sai 
a,  y  os 

i  -a  i 

ti  M 

!l| 

■3  «  « 

-j  S  4i 

r  o  x 

8?  § 

*  G  4j 

SI* 

fi»  l-r  r* 
H  U  G 

Jj  *!  c 
h-3  i 


a  3 

-  «  V 

Ml-O  0 

sai 
-5  S-i 

!3«l 
tiis 
!#?; 
i  ?!i 

S  ¥a;  s 

U  ^  *•« 

o  t  <  3 
u  ?  .  -9 

c  *  — < 

£  m  V  « 

a  a  ! 

•s  a  a  3 


! 


*3  4,  5  o 
g  *  g  ► 

u  e  -  ? 

«  H  33  g 


-  o  E  „ 

<  •§  jj  8 


* 

u 


ZZ  6 


